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IMAGE SEGMENTATION METHOD, IMAGE
SEGMENTATION SYSTEM AND STORAGE
MEDIUM AND APPARATUS INCLUDING
THE SAME

The application is a U.S. National Phase Entry of Inter-
national Application No. PCT/CN2017/091986filed on Jul.
6, 2017, designating the United States of America and
claiming priority to Chinese Patent Application No.
201610905435 .X filed on Oct. 17, 2016. The present appli-
cation claims priority to and the benefit of the above-
identified applications and the above-identified applications
are incorporated by reference herein in their entirety.

TECHNICAL FIELD

Embodiments of the present disclosure relate to an image
segmentation method, an image segmentation system, a
storage medium and an apparatus including the image
segmentation system or the storage medium.

BACKGROUND

With the development of human-computer interaction
technology, the gesture recognition technology based on
computer vision has become one of the important research
directions in human-computer interaction technology
because of its advantages of enabling human to interact with
a computer in a natural way.

For example, gesture recognition may be applied to a
smart device such as an AR eyeglass. By capturing an image
including a human hand via a camera in the smart device,
processing the image by a hand segmentation process to
acquire an image only including the hand, and then analyz-
ing the image only including the hand, the movement
(namely, the gesture) of the hand or the information of a
fingertip is obtained. In the process, the effect of the hand
segmentation process directly affects the subsequent feature
extraction and recognition accuracy.

SUMMARY

Embodiments of the present disclosure provide an image
segmentation method, an image segmentation system, a
storage medium and an apparatus including the image
segmentation system or the storage medium, and the
embodiments of the present disclosure obtain a high-quality
image of a target object.

At least one embodiment of the present disclosure pro-
vides an image segmentation method, which includes:
obtaining a connected region where a target object is located
from a depth image; determining a principal direction or a
secondary direction of the connected region by a principal
component analysis method; and acquiring an image of the
target object from the connected region according to rela-
tionship between morphology of the target object and the
principal direction or the secondary direction.

For example, the obtaining the connected region where
the target object is located from the depth image includes:
detecting all of connected regions in the depth image and a
same parameter of each of the connected regions; and taking
a connected region having a preset parameter as the con-
nected region where the target object is located.

For example, the same parameter is a minimum depth
value, and the preset parameter is a minimum depth value
which is smallest among minimum depth values of the
connected regions.
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For example, the image segmentation method further
includes: step S11, taking a preset pixel point in the depth
image as an initial point and adding the preset pixel point to
a preset queue; step S12, determining a neighboring pixel
point that is spatially adjacent to the initial point; step S13,
calculating an absolute value of a depth difference between
the neighboring pixel point and the initial point, in which in
a situation where the absolute value of the depth difference
is smaller than or equal to a preset depth difference, the
neighboring pixel point is added to a connected region
where the initial point is located; step S14, taking the
neighboring pixel point as a next initial point and adding the
neighboring pixel point to the preset queue; and repeating
the above step S12 to step S14 to determine the connected
region where the initial point is located.

For example, the preset depth difference is from 10 mm
to 15 mm.

For example, the acquiring the image of the target object
includes: determining a variation trend of pixel-point num-
bers respectively at a plurality of positions in the connected
region along the principal direction, in which pixel points at
each of the plurality of positions are sequentially arranged
along the secondary direction of the connected region, and
the secondary direction is perpendicular to the principal
direction; comparing the variation trend with a variation
trend of the morphology of the target object along the
principal direction; and determining a segmentation position
for acquiring the image of the target object in the connected
region according to a comparison result.

For example, the acquiring the image of the target object
includes: determining a real width of the connected region
along the secondary direction at each of a plurality of
positions, in which the secondary direction is perpendicular
to the principal direction, the plurality of positions are
sequentially arranged along the principal direction, and pixel
points at each of the plurality of positions are sequentially
arranged along the secondary direction; and comparing the
real width with a reference width to determine a segmenta-
tion position for acquiring the image of the target object in
the connected region.

For example, the target object is a human hand, and the
reference width is from 40 mm to 100 mm.

For example, according to a number of the pixel points at
each of the plurality of positions, an average depth value of
the pixel points at each of the plurality of positions, and a
focal distance ratio of a camera for acquiring the depth
image, the real width of the connected region at each of the
plurality of positions is determined.

For example, the acquiring the image of the target object
further includes: determining a real distance from each of
the plurality of positions to a vertex of the connected region;
and comparing the real distance with a reference length to
determine the segmentation position.

For example, the target object is a human hand, and the
reference length is from 40 mm to 200 mm.

For example, according to a difference between average
depth values of and a real distance along the principal
direction of each group of two adjacent ones of the positions
between each of the plurality of positions and the vertex of
the connected region, a real distance from each of the
plurality of positions to the vertex of the connected region is
determined.

For example, the acquiring the image of the target object
further includes: obtaining a plurality of reference positions
among the plurality of positions; calculating a difference
between coordinates of two pixel points which are farthest
away from each other at each of the reference positions; and
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determining the segment position according to a size rela-
tionship between the difference of the coordinates and a
number of pixel points at each of the reference positions.

For example, the plurality of reference positions include
a first reference position and a second reference position, a
difference between coordinates of two pixel points farthest
away from each other at the first reference position is AX1
which is greater than 0, a number of pixel points at the first
reference position is N1, and in a situation where (AX1-
N1)/N1 is smaller than or equal to a preset value which is
from 10% to 15%, the first reference position is taken as the
segmentation position.

For example, a difference between coordinates of two
pixel points farthest away from each other at the second
reference position is AX2 which is greater than 0, a number
of pixel points at the second reference position is N2, and in
a situation where (AX2-N2)/N2 is greater than the preset
value, a distance from the segmentation position to the
second reference position is greater than a preset distance,
and the preset distance is from 24 mm to 26 mm.

At least one embodiment of the present disclosure further
provides an image segmentation system which includes: a
first image segmentation device configured to process a
depth image to obtain a connected region where a target
object is located from the depth image; an analysis device
connected to the first image segmentation device and con-
figured to determine a principal direction or a secondary
direction of the connected region acquired by the first image
segmentation device by a principal component analysis
method; and a second image segmentation device connected
to the analysis device and configured to acquire an image of
the target object from the connected region according to
relationship between morphology of the target object and the
principal direction or the secondary direction.

For example, the second image segmentation device
includes: a calculator device connected to the and configured
to calculate pixel-point numbers respectively at a plurality of
positions in the connected region and to determine a varia-
tion trend of the point-pixel numbers along the principal
direction, in which pixel points at each of the plurality of
positions are sequentially arranged along the secondary
direction of the connected region, and the secondary direc-
tion is perpendicular to the principal direction; and a com-
parison device connected to the calculator device and con-
figured to compare the variation trend with a variation trend
of the morphology of the target object along the principal
direction, to determine a segmentation position for acquiring
the image of the target object in the connected region.

For example, the second image segmentation device
includes: a calculator device connected to the analysis
device and configured to calculate a real width of the
connected region along the secondary direction at each of a
plurality of positions, in which the secondary direction is
perpendicular to the principal direction, the plurality of
positions are sequentially arranged along the principal direc-
tion, and the pixel points at each of the plurality of positions
are sequentially arranged along the secondary direction; and
a comparison device connected to the calculator device and
configured to compare the real width with a reference width
to determine a segmentation position for acquiring the image
of the target object in the connected region.

For example, the calculator device is further configured to
calculate a real distance from each of the plurality of
positions to a vertex of the connected region, and the
comparison device is further configured to compare the real
distance with a reference length to determine the segmen-
tation position.
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At least one embodiment of the present disclosure further
provides an image segmentation system which includes: a
processor; a memory; and a computer program instruction
stored in the memory, in which the computer program
instruction executes following steps in a situation where the
computer program instruction is executed by the processor:
obtaining a connected region where a target object is located
from a depth image; determining a principal direction or a
secondary direction of the connected region by a principal
component analysis method; and acquiring an image of the
target object from the connected region according to rela-
tionship between morphology of the target object and the
principal direction or the secondary direction.

At least one embodiment of the present disclosure further
provides a storage medium in which a computer program
instruction is stored, the computer program instruction is
adapted to be loaded and executed by a processor to execute
following steps: obtaining a connected region where a target
object is located from a depth image; determining a principal
direction or a secondary direction of the connected region by
a principal component analysis method; and acquiring an
image of the target object from the connected region accord-
ing to relationship between morphology of the target object
and the principal direction or the secondary direction.

At least one embodiment of the present disclosure further
provides an apparatus which includes the image segmenta-
tion system described in any one of the above embodiments
or the storage medium described above.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solution of the
embodiments of the disclosure, the drawings of the embodi-
ments will be briefly described in the following; it is obvious
that the described drawings are only related to some embodi-
ments of the disclosure and thus are not limitative of the
disclosure.

FIG. 1 is a flowchart of an image segmentation method
according to embodiments of the present disclosure;

FIG. 2 is a schematic diagram illustrating distribution of
pixel point p and its neighborhoods in a depth image
according to the embodiments of the present disclosure;

FIG. 3a schematically illustrates a depth image captured
in a situation where a depth camera faces front of a user in
the embodiments of the present disclosure;

FIG. 35 schematically illustrates a depth image captured
in a situation where the depth camera oriented in a same
direction as the front of the user in the embodiments of the
present disclosure;

FIG. 4 is a schematic view of a connected region where
a hand is located according to the embodiments of the
present disclosure;

FIG. 5 schematically illustrates a boundary of the con-
nected region where the hand is located according to the
embodiments of the present disclosure;

FIG. 6 schematically illustrates a principal direction of the
connected region where the hand is located according to the
embodiments of the present disclosure;

FIG. 7 is a schematic view of a new coordinate system
obtained by rotating a coordinate system of the depth image
according to the principal direction of the connected region
where the hand is located in the embodiments of the present
disclosure;

FIG. 8 is a schematic view of a plurality of reference
positions in the embodiments of the present disclosure;

FIG. 9 is another schematic view of a plurality of refer-
ence positions in the embodiments of the present disclosure;
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FIG. 10 is a schematic view illustrating an image of a
hand obtained according to the embodiments of the disclo-
sure;

FIG. 11 is a flowchart of an image segmentation method
according to the embodiments of the present disclosure;

FIG. 12 is a structural block diagram of an image seg-
mentation system according to the embodiments of the
present disclosure; and

FIG. 13 is a structural block diagram of another image
segmentation system according to the embodiments of the
present disclosure.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the disclosure apparent, the technical
solutions of the embodiments will be described in a clearly
and fully understandable way in connection with the draw-
ings related to the embodiments of the disclosure. Appar-
ently, the described embodiments are just a part but not all
of the embodiments of the disclosure. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any inventive work,
which should be within the scope of the disclosure.

Unless otherwise defined, all the technical and scientific
terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art to which the
present disclosure belongs. The terms “first,” “second,” etc.,
which are used in the description and the claims of the
present application for disclosure, are not intended to indi-
cate any sequence, amount or importance, but distinguish

LTI 133

various components. The terms “include,” “including,”
“include,” “including,” etc., are intended to specify that the
elements or the objects stated before these terms encompass
the elements or the objects and equivalents thereof listed
after these terms, but do not preclude the other elements or
objects. The phrases “connect”, “connected”, etc., are not
intended to define a physical connection or mechanical
connection, but may include an electrical connection,
directly or indirectly. “On,” “under,” “right,” “left” and the
like are only used to indicate relative position relationship,
and when the position of the object which is described is
changed, the relative position relationship may be changed
accordingly.

Embodiments of the present disclosure provide an image
segmentation method, an image segmentation system, a
storage medium and an apparatus including the image
segmentation system or the storage medium. In the image
segmentation method provided by the embodiments of the
present disclosure, by obtaining a connected region where a
target object is located from a depth image, afterwards
determining a principal direction or a secondary direction of
the connected region by a principal component analysis
method, and then acquiring an image of the target object
from the connected region according to relationship between
morphology of the target object and the principal direction
or the secondary direction, the image of the target object is
obtained from the depth image, and the obtained image of
the target object is of high quality.

For example, the embodiments of the present disclosure
are used for hand segmentation in gesture recognition. In
this case, the target object is a human hand, and the
embodiments of the present disclosure acquire a high-
quality image of the hand, so the scanning range and the
error rate of fingertip extraction are reduced, and accurate
test samples for machine learning based gesture recognition
are provided. The embodiments of the present disclosure are
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also applicable for any other image segmentation application
besides the gesture recognition. The embodiments of the
present disclosure are described by taking the embodiments
being used for the hand segmentation in the gesture recog-
nition as an example only.

As illustrated in FIG. 1, at least one embodiment of the
present disclosure provides an image segmentation method,
which includes: step S1, obtaining a connected region where
a target object is located from a depth image; step S2,
determining a principal direction or a secondary direction of
the connected region by a principal component analysis
method; and step S3, acquiring an image of the target object
from the connected region according to relationship between
morphology of the target object and the principal direction
or the secondary direction.

The obtaining of the connected region where the target
object is located from the depth image described in step S1
will be described in detail below with reference to FIG. 2 to
FIG. 5.

In step S1, the depth image is a two-dimensional depth
image obtained by a depth camera, and a value of each pixel
point in the two-dimensional depth image is a distance from
an object that the pixel point represents to the depth camera
(namely, the value of each pixel point in the two-dimen-
sional depth image is a depth value) and is, for example,
expressed in millimeters (mm). It should be noted that in a
situation where a certain pixel point in the depth image does
not correspond to an object, the depth value of the pixel
point is represented by 0. For a non-zero depth value, the
greater the depth value, the farther the object that the pixel
point having the non-zero depth value represents is from the
depth camera.

The resolution of the depth image is set according to
actual needs, and is not limited here. For example, the
resolution of the depth image is 320x240. For example, in
order to simplify the calculation, the resolution of the depth
image is reduced, for example, to 160x120.

In step S1, the connected region is formed by a plurality
of pixel points connected to each other, that is, each pixel
point in the connected region and a neighboring pixel point
spatially adjacent to the pixel point satisty a similarity rule.
For example, the similarity rule is that an absolute value of
a depth difference between each pixel point and the neigh-
boring pixel point is smaller than or equal to a preset depth
difference. For example, in a case where no abrupt change
occurs between depth values of pixel points which are
related to the target object and are spatially adjacent to each
other, the preset depth difference is from 10 mm to 15 mm,
s0 as to obtain a high-quality connected region of the target
object. For example, the target object is a human hand, and
there is generally no abrupt change between depth values of
pixel points spatially adjacent to each other for the con-
nected region of the hand. Therefore, setting the preset depth
difference to be from 10 mm-15 mm is advantageous for
obtaining a high-quality connected region of the hand. The
embodiments of the setting of the depth difference include
but are not limited to 10 mm to 15 mm.

The two pixel points spatially adjacent to each other are
described below with reference to FIG. 2.

For example, as shown in FIG. 2, taking the pixel point p
with a coordinate (%, y) in the xoy coordinate system as an
example, in horizontal and vertical directions, the pixel point
p has four neighboring pixel points spatially adjacent to the
pixel point p, that is, the pixel point with coordinate (X, y+1)
which is directly above the pixel point p, the pixel point with
coordinate (X, y-1) which is directly below the pixel point
p, the pixel point with coordinate (x—1, y) which is on the
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left of the pixel point p and the pixel point with coordinate
(x-1, y) which is on the right of the pixel point p, and the
four neighboring pixel points in the horizontal and vertical
directions form the 4 neighborhoods of the pixel point p. In
diagonal directions, the pixel point p has 4 neighboring pixel
points spatially adjacent to the pixel point p, that is, the pixel
point with coordinate (x—1, y+1) which is on the upper left
of the pixel point p, the pixel point with coordinate (x+1,
y+1) which is on the upper right of the pixel point p, the
pixel point with coordinate (x-1, y—1) which is on the lower
left of the pixel point p and the pixel point with coordinate
(x+1, y-1) which is on the lower right of the pixel point p
and the four neighboring pixel points in the diagonal direc-
tions form diagonal neighborhoods of the pixel point p. In
addition, the four neighborhoods and the diagonal neigh-
borhoods constitute the eight neighborhoods of the pixel
point p. The pixel point p is spatially adjacent to each pixel
point of its four neighborhoods, diagonal neighborhoods,
and eight neighborhoods.

For example, in a situation where the depth image
includes a plurality of objects and the target object among
the plurality of objects is closest to the depth camera, the
obtaining the connected region where the target object is
located from the depth image in step Si includes: detecting
all of connected regions in the depth image and a same
parameter of each of the connected regions; and taking a
connected region having a preset parameter as the connected
region where the target object is located.

For example, the same parameter is a minimum depth
value, and the preset parameter is a minimum depth value
which is smallest among minimum depth values of the
connected regions. That is to say, the obtaining the con-
nected region where the target object is located from the
depth image in step Si includes: detecting all of the con-
nected regions in the depth image and the same parameter of
each ofthe connected regions; and taking a connected region
having a smallest minimum depth value as the connected
region where the target object is located. It should be noted
that, the minimum depth value of each connected region is
a non-zero depth value of a pixel point having a smallest
depth value among all the pixel points in the connected
region.

For example, the target object is the human hand. FIG. 3a
shows a depth image taken with a depth camera facing the
front of a user; and FIG. 35 shows a depth image taken in
a situation where the depth camera and the front of the user
have a same orientation. As shown in FIG. 3a and FIG. 35,
the depth image generally includes a plurality of connected
regions; and the hand is closest to the depth camera, so the
connected region where the hand is located is a connected
region with a smallest depth value in the depth image.
Accordingly, for example, all the connected regions in the
depth image and the minimum depth value of each con-
nected region are detected, and then the connected region
having the smallest minimum depth value is taken as the
connected region where the hand is located. For example,
for the depth image shown in FIG. 35, the acquired con-
nected region where the hand is located is shown in the
image of the hand in FIG. 4.

In other embodiments, for example, the connected region
where the target object is located is obtained according to
any other parameter of the connected region (such as the
contour shape, length, area of region or the like of the
connected region) except for the minimum depth value.
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For example, the image segmentation method provided by
at least one embodiment of the present disclosure includes
the following steps S11 to S14, which are described in detail
below.

Step S11: taking a preset pixel point in the depth image as
an initial point and adding the preset pixel point to a preset
queue.

For example, in step S11, the preset pixel point is selected
by a processor who processes the depth image or is deter-
mined by an image processing algorithm.

For example, in step S11, the preset queue is an FIFO
(First Input First Output) queue, that is, a first-in first-out
queue. In the queue, a first-entered instruction is completed
and then retires before executing a second instruction, and so
on.

Step S12: determining a neighboring pixel point that is
spatially adjacent to the initial point.

For example, in the step S12, four neighborhoods or eight
neighborhoods of the initial point are detected to determine
the neighboring pixel point that is spatially adjacent to the
initial point.

Step S13: calculating an absolute value of a depth differ-
ence between the neighboring pixel point and the initial
point, in which in a situation where the absolute value of the
depth difference is smaller than or equal to a preset depth
difference, the neighboring pixel point is added to a con-
nected region where the initial point is located.

For example, in step S13, the preset depth difference is
from 10 mm to 15 mm, for example, 10 mm, 13 mm or 15
mm, or the like.

Step S14: taking the neighboring pixel point as a next
initial point and adding the neighboring pixel point to the
preset queue for a subsequent detection of neighborhoods of
the neighboring pixel point.

The above step S12 to step S14 are repeated until each
pixel point in the preset queue is processed, so as to
determine the connected region where the initial point is
located. After all the connected regions in the depth image
are detected in a similar way, the connected region with the
smallest minimum depth value is selected to serve as the
connected region where the target object is located.

For example, after obtaining the connected region where
the target object is located, in order to simplify the subse-
quent calculation, the depth values of other pixel points in
the depth image except the pixel points in the connected
region where the target object is located are set to a null
value of 0. Taking the target object being the human hand as
an example, as shown in FIG. 4, the depth values of the
remaining pixel points are set to 0 except for the pixel points
in the connected region where the hand is located.

For example, during detecting all the connected regions in
the depth image, upper, lower, left and right boundaries of
each connected region are also detected, and then the
connected region where the target object is located is
selected; or, after detecting the connection region where the
target object (for example, the hand) is located, the bound-
aries of the connected region where the target object (for
example, the hand) is detected. Taking the target object
being the human hand as an example, for example, the
boundaries of the connected region where the target object
is located is shown by the white rectangle in FIG. 5. In order
to simplify the subsequent calculation, for example, the
calculation in subsequent steps are performed only within
the boundaries of the connected region where the target
object is located, without the need of processing the pixel
points in the entire depth image.
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The determination of the principal direction or the sec-
ondary direction of the connected region by the principal
component analysis method described in step S2 will be
described in detail below.

The principle component analysis (PCA) method is a
multivariate statistical analysis method that transforms data
into a new coordinate system by linear transformation so
that the variance of the data on the first coordinate axis is
largest, the variance of the data on the second coordinate
axis is second largest, and so on. In the method, the direction
of the first coordinate axis is the principal direction (that is,
the principal direction is the direction with the largest
variance of the data) and the direction of the other coordinate
axis are the secondary direction (the secondary direction is
the direction with the variance of the data is not the largest).

For example, taking the target object being a human hand
as an example, the principal direction obtained by the PCA
method of the connected region acquired in step S1 is shown
by a white straight line in FIG. 6.

In the following, the acquiring the image of the target
object from the connected region according to the relation-
ship between the morphology of the target object and the
principal direction or the secondary direction in step S3 will
be described in detail

For example, the morphology of the target object is a
contour shape, a variation trend of a contour, a size, an area
of region, or other parameter of the target object or an object
including the target object. Taking the target object being a
human hand as an example, for example, the morphology of
the hand is a variation trend of a contour that gradually
narrows from a forearm to a wrist of the hand and gradually
widens from the wrist of the hand to a palm of the hand.
Therefore, for example, a wrist position is taken as a
segmentation position for obtaining an image of the hand
from the connected region and removing an image of the
arm. In the case that the target object is another object, a
suitable segmentation position may be found according to
the specific shape of the object. For example, the target
object is a human head, and the morphology of the human
head is a contour shape of the human head, a variation trend
of a contour, a length or an area of region because there are
obvious differences between the human head and a part of a
human body below the human head in the contour shape, in
the variation trend of the contour, in the length and in the
area of region.

Taking the target object being a human head as an
example, the relationship between the morphology of the
target object and the secondary direction is, for example, a
shoulder of the human body has a largest width in the
secondary direction which is a direction from a left hand side
to a right hand side of the human body. Therefore, for
example, the shoulder serves as a segmentation position for
obtaining an image of the human head from a connected
region where the human body is located.

For example, the target object is the human hand, the
image of the target object is acquired from the connected
region where the target object is located according to the
relationship between the morphology of the target object and
the principal direction, and the step S3 will be described in
detail below.

Based on the above finding that the morphology of the
human hand gradually narrows from the forearm to the wrist
and gradually widens from the wrist to the palm, for
example, the acquiring the image of the target object
includes: determining a variation trend of pixel-point num-
bers respectively at a plurality of different positions in the
connected region where the target object is located along the
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principal direction, in which pixel points at each of the
plurality of positions are sequentially arranged along the
secondary direction of the connected region, and the sec-
ondary direction is perpendicular to the principal direction;
comparing the variation trend with a variation trend of the
morphology of the target object along the principal direc-
tion; and determining a segmentation position for acquiring
the image of the target object in the connected region
according to a comparison result. The variation trend of
pixel-point numbers respectively at the plurality of different
positions reflects the variation trend of the morphology of
the target object along the principal direction, so a suitable
segmentation position is determined, for example, by com-
paring the two variation trends, so as to obtain the image
only including the target object from the connected region
where the target object is located according to the segmen-
tation position.

The variation trend of the pixel-point numbers along the
principal direction does not reflect an actual width of the
connected region. In order to determine the segmentation
position more accurately, for example, in at least one
embodiment, the acquiring the image of the target object in
the step S3 includes: determining a real width of the con-
nected region along the secondary direction at each of the
plurality of positions, in which the secondary direction is
perpendicular to the principal direction, the plurality of
positions are sequentially arranged along the principal direc-
tion, and pixel points at each of the plurality of positions are
sequentially arranged along the secondary direction; and
comparing the real width with a reference width to deter-
mine the segmentation position for acquiring the image of
the target object in the connected region.

For example, the variation trend of the pixel-point num-
bers along the principal direction is determined at first, and
then the real width of the connected region at each of the
plurality of positions is calculated to determine the segmen-
tation position. Alternatively, for example, the determination
of the variation trend of the pixel-point numbers along the
principal direction is omitted, the width variation trend of
the connected region along the principal direction is deter-
mined according to real widths of the connected region
respectively at the plurality of positions, and a position
having a real width within a range of the reference width is
selected from the plurality of positions, so as to determine
the segmentation position.

For example, in a situation where the target object is a
human hand, a width of the wrist is from 40 mm to 100 mm,
so the reference width is from 40 mm to 100 mm, for
example, 40 mm, 60 mm, 80 mm or 100 mm. For example,
according to the number of the pixel points at each of the
plurality of positions, an average depth value of the pixel
points at each of the plurality of positions, and a focal
distance ratio of a camera for acquiring the depth image, the
real width of the connected region at each of the plurality of
positions is determined.

For example, in order to determine the segmentation
position more accurately, the acquiring the image of the
target object in the step S3 further includes: determining a
real distance from each of the plurality of positions to a
vertex of the connected region; and comparing the real
distance with a reference length to determine the segmen-
tation position. It should be noted that, for example, the
vertex of the connected region is determined according to
the position relationship between the coordinate of the
vertex and the principal direction.

For example, in a situation where the target object is a
human hand, the reference length is from 40 mm to 200 mm
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because a length of the human hand (a length from a
fingertip to the wrist) is, for example, from 40 mm to 200
mm. For example, in the case where the real width is within
the range of the reference width, a position having a real
distance within a range of the reference length serves as the
segmentation position.

For example, according to a difference between average
depth values of and a real distance along the principal
direction of each group of two adjacent ones of the positions
between each of the plurality of positions and the vertex of
the connected region, a real distance from each of the
plurality of positions to the vertex of the connected region is
determined.

For example, the target object is the human hand, and the
acquiring the image of the target object in the step S3
includes, for example, the flowing step S31 to step S35,
which will be described in detail below with reference to
FIG. 7 to FIG. 10.

Step S31: determining pixel-point numbers respectively
at a plurality of different positions in the connected region
where the hand is located, the plurality of different positions
are arranged sequentially along the principal direction, pixel
points at each of the plurality of positions are sequentially
arranged along the secondary direction of the connected
region, and the secondary direction is perpendicular to the
principal direction;

For example, in order to simplify the calculation of the
data, after determining the principal direction (for example,
defining the principal direction roughly from up to down as
shown by the white arrow in FIG. 7) of the connected region
where the hand is located, the original coordinate system of
the depth image is rotated based on the principal direction
until the Y axis of the new coordinate system (referring to
the rectangular coordinate system XOY shown in FIG. 7) of
the depth image is parallel to the principal direction (for
example, the Y axis is oriented in the same direction as or
opposite to the principal direction). In this way, the X axis
is parallel to the above secondary direction (as shown by the
white line in FIG. 7), and all the pixel points in the original
depth image are given a new coordinate value under the new
coordinate system.

Based on the new coordinate system, in a situation where
the direction of the Y axis is opposite to the principal
direction as shown in FIG. 7, starting from a pixel point
having the largest Y coordinate (that is, the vertex of the
connected region, as indicated by a circle in FIG. 7) and
orientating to a direction that the Y coordinate reduces (as
shown by the direction of the arrow), the numbers of pixel
points having a Y coordinate of Y=k are counted sequen-
tially, for example, k=k0, kO-1, k0-2, . . ., in which kO is
the Y coordinate of the vertex of the connected region. That
is to say, the number of pixel points at the first position
Y=kO, the number of pixel points at the second position
Y =k0-1, and the number of pixel points at the third position
Y=k0-2, and so on are sequentially counted, so that the
variation trend of the pixel-point numbers respectively at the
plurality of different positions along the Y axis (namely,
along the principal direction) is obtained. After counting the
pixel-point numbers at all the positions that meet Y=k in the
direction of the arrow in the connected region, the pixel-
point numbers at these positions are stored in an array
disData(k). The array disData(k) represents a pixel-point
number at a position Y=K in the connected region where the
hand is located. For example, disData(k0) represents a
pixel-point number at a position Y=kO, disData(k0-1) rep-
resents a pixel-point number at a position Y=k0-1, and so
on.
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In short, the array disData(k) represents the width varia-
tion trend of the connected region where the hand is located
in the two-dimensional depth image along the principal
direction. According to the width variation trend, along with
the variation trend of the morphology of the human hand
along the principal direction, a basis is provided to the
determining of the wrist and the removing of the arm.

Step S32: determining a real width of the connected
region where the hand is located along the secondary
direction at each of the plurality of positions

The disData(k) obtained by step S31 represents the varia-
tion of the pixel-point numbers at different positions along
the principal direction, and disData(k) does not reflect the
real width of the connected region where the hand is located.
Therefore, in order to determine the wrist position more
accurately, a real width of the connected region where the
hand is located at the position Y=k is calculated.

For example, in order to calculate the real width of the
connected region where the hand is located at the position
Y=k, an average of the depth values (namely an average
depth value) of all the pixel points at the position Y=k in the
connected region where the hand is located is calculated and
the calculated average depth value is stored in the array
aveDepth(k). The array aveDepth(k) represents the average
depth value of the pixel points at the position Y=k in
disData(k). For example, the average depth value is used to
approximately represent the average distance from the pixel
points at the position Y=k to the camera. Afterwards, the real
width of the connected region where the hand is located at
the position Y=k is calculated according to the following
formula realDis(k):

disData(k) X aveDepth(k)

realDis(k) = o
ratio

The realDis(k) is in millimeters (mm). It should be noted
that the “ratio” is the camera’s focal distance ratio and is
determined according to the camera itself.

It can be seen from the formula realDis(k) that, the real
width realDis(k) of the connected region at each of the
plurality of positions is determined according to the number
disData(k) of the pixel points at each of the plurality of
positions, the average depth value aveDepth(k) of the pixel
points at each of the plurality of positions, and the focal
distance ratio “ratio” of the camera for acquiring the depth
image, which are obtained in step S31.

For example, the real width of the connected region at the
position Y=k0-1 is calculated via realDis(kO-1), the real
width of the connected region at the position Y=k0-2 is
calculated via realDis(k0-2), and so on, so that the variation
of the real widths of the target object along the principal
direction is obtained.

Step S33: determining a real distance from each of the
plurality of positions to the vertex of the connected region.

In order to further accurately obtain the wrist position, for
example, an array reallenth(n) representing the real length
is obtained in this step S33 after obtaining the array realDis
(k) representing the real width in step S32. The reall.ength
(n) represents the real distance from the position Y=k=k0-n
to the position Y=kO (that is, the vertex of the connected
region), and the real distance is a 3D distance, that is, the
distance in the 3-dimensional space. That is, starting from
the vertex of the connected region, the real distance corre-
sponding to the length n along the principal direction in the
depth image is reallength(n), where n=k0-k0=0 and real-
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Lenth(0)=0 at the position Y=k0. The following describes
how to calculate reall.ength(n).
The real distance dy(k) (the distance is a 2D distance)
along the principal direction between two adjacent positions
Y=k and Y=k-1 is calculated:

(Y(k)— Y(k — 1)) X aveDepth(k)

k) = ratio

in which, Y(k) and Y(k-1) respectively represent the Y
coordinates of two adjacent pixel points located along the
principal direction in the new coordinate system, that is,
Y(k) is the Y coordinate of the pixel point at the position
Y=k, and Y(k-1) is the Y coordinate of the pixel point at the
position Y=k-1.

Due to the fact that the calculated real length of the hand
is greatly affected by the depth variation, the calculation
method of the real length of the connected region where the
hand is located is different from the calculation method of
the real width of the connected region where the hand is
located. Therefore, the difference between the average depth
values of two adjacent positions Y=k and Y=k-1 is needed
to be calculated, that is, the z-axis difference dz(k):

dz(k)=aveDepth(k)—aveDepth(k-1).

Afterwards, the real distance from each of the plurality of
positions in the connected region to the vertex of the
connected region, namely each element in the array real-
Lenth(n), is calculated via the following formula:

realLenth(n) = Z v dy(k)? + dz(k)? |
0

in which, »=k0-k.

It can be seen from the above formula of reallenth(n)
that, according to the difference dz(k) between average
depth values of and the real distance dy(k) along the
principal direction of each group of two adjacent ones of the
positions between each of the plurality of positions and the
vertex of the connected region, the real distance reallLenth(n)
from each of the plurality of positions to the vertex of the
connected region is determined; and it can be seen from the
above formula dy(k) that the real distance dy(k) along the
principal direction of each group of two adjacent positions
is determined according to the average depth value ave-
Depth(k) of the pixel points at each position and the focal
distance ratio “ratio” of the camera for acquiring the depth
image.

Step S34: comparing the real width at each position
obtained in step S32 with the reference width of the hand,
taking into account of the width variation trend of connected
region along the principal direction (for example, the width
variation trend is determined according to the pixel-point
numbers obtained in step S31 or the real widths respectively
at the positions obtained in the step S32), and comparing the
real distance from each position to the vertex of the con-
nected region obtained in the step S33 with the reference
length of the hand, so as to determine the wrist position (an
example of the segmentation position).

For example, the reference width of the wrist is from 40
mm to 100 mm, for example, 40 mm, 80 mm or 100 mm. For
example, the reference length of the hand is from 40 mm to
200 mm.
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In at least one embodiment, it is possible to obtain a
plurality of positions satisfying the wrist conditions (here-
inafter referred to as reference positions) within the range of
the reference length and the range of the reference width of
the hand. For example, as shown in FIG. 8, the reference
position indicated by the upper white line is not suitable as
the segmentation position; the reference position indicated
by the lower white line below is suitable as the segmentation
position; and both of the reference positions have a width
close to the wrist width, satisfy the characteristic that the
width of the connected region widens from the part of the
connected region below each of the reference positions to
the part of the connected region above each of the reference
positions, and have a segmentation length within the range
from the minimum value of the hand to the maximum value
of'the hand. In this case, a segmentation error may occur, for
example, it is possible to get only 4 fingers according to the
upper reference position in FIG. 8.

In research, the inventors of the present application found
that, for a human hand, there is a null value between a part
of adjacent pixel points at a reference position unsuitable as
a segmentation position (for example, the upper reference
position in FIG. 8); thus, during calculating the number of
pixel points, at the reference position unsuitable as the
segmentation position, the difference (which is a positive
value) obtained by subtracting the coordinates of two fur-
thest pixel points in the connected region where the hand is
located is significantly greater than the number of the pixel
points at the reference position; and at the reference position
suitable as the segmentation position (as shown by the lower
reference position in FIG. 8), the difference obtained by
subtracting the coordinates of the two pixel points farthest
apart in the connected region where the hand is located is
roughly equal to the number of the pixel points at the
reference position.

Based on the above finding, in at least one embodiment of
the present disclosure, the acquiring the image of the target
object in the step S3 further includes: obtaining a plurality
of reference positions among the plurality of positions;
calculating a difference (the difference is positive value)
between coordinates of two pixel points which are farthest
away from each other at each of the reference positions; and
determining the segment position according to a size rela-
tionship between the difference of the coordinates and the
number of pixel points at each of the reference positions.

For example, the plurality of reference positions include
a first reference position and a second reference position, a
difference between coordinates of two pixel points farthest
away from each other at the first reference position is AX1
(AX1 is greater than 0), the number of pixel points at the first
reference position is N1, and in a situation where (AX1-
N1)/N1 is smaller than or equal to a preset value which is
from 10% to 15%, the first reference position is taken as the
segmentation position. In this way, the segmentation posi-
tion is selected from the first reference position and the
second reference position. For example, in this way, the
lower reference position in FIG. 8 is determined to be the
segmentation position and the upper reference position in
FIG. 8 is determined to be not suitable as the segmentation
position. The embodiments of the preset value include, but
are not limited to, 10% to 15%, and may be set according to
actual needs.

In the research, the inventors of the present application
also found that, for a human hand, in a situation where at
least three reference positions are obtained, for example, the
first reference position, the second reference position and a
third reference position, after the second reference position



US 10,650,523 B2

15

is determined to be not suitable as the segmentation position
according to the size relationship between the difference of
the coordinates and the number of pixel points, and in a case
that the distance between the third reference position and the
second reference position along the principal direction is
smaller than or equal to a preset distance (for example, 24
mm-26 mm), the third reference position is also not suitable
as a segmentation position.

In other words, in at least one embodiment of the present
disclosure, for the second reference position unsuitable as
the segmentation position, a difference between coordinates
of two pixel points farthest away from each other at the
second reference position is AX2 (AX2 is greater than 0), the
number of pixel points at the second reference position is
N2, and in a situation where (AX2-N2)/N2 is greater than
the above preset value (for example, greater than 15%) and
where the distance from the third reference position (the
third reference position is between the vertex of the con-
nected region and the second reference position or is at a
side of the second reference position away from the vertex
of the connected region) to the second reference position is
smaller than or equal to the preset distance, the third
reference position is not selected to be the segmentation
position, namely the distance from an appropriate segmen-
tation position to the second reference position is greater
than the preset distance. For example, in a situation where
the target object is the human hand, the preset distance is
from 24 mm to 26 mm, for example, 24 mm, 25 mm or 26
mm.

Taking FIG. 9 as an example, four reference positions are
shown in FIG. 9, the four reference positions are sequen-
tially numbered from top to bottom as 1, 2, 3, and 4,
reference positions 1 to 3 are not suitable for serving as the
segmentation position, and reference position 4 is used as
the segmentation position. In determining the segmentation
position, for example, the reference positions are sequen-
tially evaluated in the principal direction (namely, starting
from the vertex of the connected region). For example, it is
determined that the reference position 1 is not suitable as the
segment position according to the size relationship between
the number of pixel points and the difference between the
coordinates of the pixel points; then, it is determined that the
reference position 2 is not suitable as the segmentation
position based on the size relationship between the distance
from the reference position 2 to the reference position 1 and
the preset value; and afterwards, it is judged that the
reference position 3 is not suitable as the segmentation
position according to the size relationship between the
difference of coordinates and the number of pixel points, and
thus it is obtained that the reference position 4 is suitable as
the segmentation position.

Step S35: after the wrist position is determined by step
S34, acquiring the image of the hand from the connected
region where the hand is located and removing the image of
the arm according to the wrist position. For example, a
relatively good image of the hand shown in FIG. 10 is
obtained.

To sum up, for the connected region where the hand is
located, for example, a flow chart of the method provided by
at least one embodiment of the present invention is summa-
rized as FIG. 11, that is, the method includes: extracting the
connected region from the depth image, then determining
the principal direction of the connected region via the PCA
method, afterwards calculating the real width and the real
length of the connected region, then determining the seg-
mentation position according to heuristic characteristics and
finally acquiring the image of the hand from the connected
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region. For example, for the human hand, as mentioned
above, the heuristic characteristics include: the reference
width of the hand, the reference length of the hand, the
variation trend of the width of the connected region where
the hand is located in the principal direction, the fact that a
null value occurs at a reference position unsuitable as the
segmentation position and causes a large difference between
the coordinate difference of pixel points farthest away from
each other at the reference position and the number of pixel
points at the reference position, and the fact that a reference
position is not suitable as the segmentation position in a
situation where the distance from the reference position to
another reference position unsuitable as the segmentation
position is smaller than or equal to the preset distance (for
example, 24 mm-26 mm), and so on.

At least one embodiment of the present disclosure further
provides an image segmentation system, as shown in FIG.
12, the image segmentation system includes: a first image
segmentation device configured to process a depth image to
obtain a connected region where a target object is located
from the depth image; an analysis device connected to the
first image segmentation device and configured to determine
a principal direction or a secondary direction of the con-
nected region acquired by the first image segmentation
device by a principal component analysis method; and a
second image segmentation device connected to the analysis
device and configured to acquire an image of the target
object (for example, a hand) from the connected region
according to relationship between morphology of the target
object and the principal direction or the secondary direction.

For example, the second image segmentation device
includes a calculator device connected to the analysis device
and a comparison device connected to the calculator device.

For example, the calculator device is configured to cal-
culate pixel-point numbers respectively at a plurality of
positions in the connected region and to determine a varia-
tion trend of the point-pixel numbers along the principal
direction, pixel points at each of the plurality of positions are
sequentially arranged along the secondary direction of the
connected region, and the secondary direction is perpen-
dicular to the principal direction; and accordingly, the com-
parison device is configured to compare the variation trend
with a variation trend of the morphology of the target object
along the principal direction, to determine a segmentation
position for acquiring the image of the target object in the
connected region.

For example, the calculator device is configured to cal-
culate a real width of the connected region along the
secondary direction at each of a plurality of positions, the
secondary direction is perpendicular to the principal direc-
tion, the plurality of positions are sequentially arranged
along the principal direction, and the pixel points at each of
the plurality of positions are sequentially arranged along the
secondary direction; and accordingly, the comparison device
is configured to compare the real width with a reference
width to determine a segmentation position for acquiring the
image of the target object in the connected region. For
example, in a situation where the target object is a human
hand, the reference width is from 40 mm to 100 mm, for
example, 40 mm, 80 mm or 100 mm.

For example, the calculator device is configured not only
to determine the variation trend of the point-pixel numbers
along the principal direction, but also to determine the real
width of the connected region along the secondary direction
at each of the plurality of positions; and accordingly, the
comparison device is configured not only to compare the
variation trend of the point-pixel numbers along the princi-
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pal direction with the variation trend of the morphology of
the target object along the principal direction, but also to
compare the real width of the connected region at each of the
plurality of positions with the reference width, to determine
the segmentation position.

For example, the calculator device is further configured to
calculate a real distance from each of the plurality of
positions to a vertex of the connected region, and the
comparison device is accordingly further configured to
compare the real distance with a reference length to deter-
mine the segmentation position. For example, in a situation
where the target object is a human hand, the reference length
is from 40 mm to 200 mm.

For example, the image segmentation system further
includes a depth camera configured to acquire the depth
image and to output the depth image to the first image
segmentation device.

For the functions of each device in the image segmenta-
tion system according to the embodiments of the present
disclosure, reference may be made to the related description
in the embodiments of the image segmentation method
described above.

For example, each of the specific structures of the first
image segmentation device, the analysis device, the second
image segmentation device, the calculator device, and the
comparison device in the image segmentation system is a
processor, such as a processor comprising hardware. For
example, the processor is an electronic component or a
collection of electronic components having a processing
function such as a central processing unit (CPU), a micro
controller unit (MCU), a digital signal processing (DSP), or
a programmable logic controller (PLC).

In addition, the above devices in the embodiments of the
present disclosure may all be integrated in one processor or
may be implemented by different processors respectively, or
any two or more devices may be integrated in one processor.
The above devices may be implemented in the form of
hardware, or may be implemented in the form of hardware
plus software functional unit.

At least one embodiment of the present disclosure further
provides another image segmentation system, as illustrated
in FIG. 13, the image segmentation system includes a
processor, a memory and a computer program instruction
stored in the memory, the computer program instruction
executes following steps in a situation where the computer
program instruction is executed by the processor: obtaining
a connected region where a target object is located from a
depth image; determining a principal direction or a second-
ary direction of the connected region by a principal com-
ponent analysis method; and acquiring an image of the target
object from the connected region according to relationship
between morphology of the target object and the principal
direction or the secondary direction.

For example, the memory includes at least one of read-
only memory and random access memory and provides
instructions and data to the processor. For example, a portion
of the memory also includes non-volatile random access
memory (NVRAM).

The processor may be a general purpose processor, a
digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components. The general
purpose processor may be a microprocessor or any conven-
tional processor or the like.
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For example, the image segmentation system further
includes a depth camera configured to acquire the depth
image and to output the depth image to the first image
segmentation device.

At least one embodiment of the present disclosure further
provides a storage medium in which a computer program
instruction is stored, and the computer program instruction
is adapted to be loaded and executed by a processor to
execute following steps: obtaining a connected region where
a target object is located from a depth image; determining a
principal direction or a secondary direction of the connected
region by a principal component analysis method; and
acquiring an image of the target object from the connected
region according to relationship between morphology of the
target object and the principal direction or the secondary
direction.

For example, the storage medium may be a semiconduc-
tor memory, a magnetic surface memory, a laser memory, a
random access memory, a read only memory, a serial access
memory, a non-permanent memory, a permanent memory, or
any other form of storage medium well known in the art.

For example, the processor may be a general purpose
processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components. The
general purpose processor may be a microprocessor or any
conventional processor or the like.

At least one embodiment of the present disclosure further
provides an apparatus which includes the image segmenta-
tion system described in any one of the above embodiments
or the storage medium described above.

For example, the apparatus is a human-machine interac-
tion device such as an AR smart glasses or a display. The
device acquires an image including an instruction of a user
(for example, the image of the target object) by using the
image segmentation system included in the apparatus, and
realizes the human-computer interaction by analyzing and
processing the image.

The embodiments of the image segmentation method, the
image segmentation system, the storage medium, and the
apparatus including the image segmentation system or the
storage medium may refer to each other. In addition, the
embodiments of the present disclosure and the features in
the embodiments may be combined with each other in case
of no conflict.

What are described above is related to the illustrative
embodiments of the disclosure only and not limitative to the
scope of the disclosure; the scopes of the disclosure are
defined by the accompanying claims.

This application claims the benefit of Chinese Patent
Application No. 201610905435.X filed on Oct. 17, 2016,
which is hereby entirely incorporated by reference as a part
of the present application.

What is claimed is:

1. An image segmentation method, comprising:

obtaining a connected region where a target object is
located from a depth image;

determining a principal direction or a secondary direction
of the connected region by a principal component
analysis method; and

acquiring an image of the target object from the connected
region according to a relationship between a morphol-
ogy of the target object and the principal direction or
the secondary direction, wherein the acquiring the
image of the target object comprises:
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determining a variation trend of pixel-point numbers
respectively at a plurality of positions in the connected
region along the principal direction, wherein pixel
points at each of the plurality of positions are sequen-
tially arranged along the secondary direction of the
connected region, and the secondary direction is per-
pendicular to the principal direction;

comparing the variation trend with a variation trend of the

morphology of the target object along the principal
direction; and

determining a segmentation position for acquiring the

image of the target object in the connected region
according to a comparison result.

2. The method according to claim 1, wherein the obtaining
the connected region where the target object is located from
the depth image comprises:

detecting all connected regions in the depth image and a

same parameter of each of the connected regions; and
taking a connected region having a preset parameter as the
connected region where the target object is located.

3. The method according to claim 2, wherein the same
parameter is a minimum depth value, and the preset param-
eter is a minimum depth value which is smallest among
minimum depth values of the connected regions.

4. The method according to claim 1, further comprising:

step S11: taking a preset pixel point in the depth image as

an initial point and adding the preset pixel point to a
preset queue,

step S12: determining a neighboring pixel point that is

spatially adjacent to the initial point;

step S13: calculating an absolute value of a depth differ-

ence between the neighboring pixel point and the initial
point, wherein in a situation where the absolute value
of the depth difference is smaller than or equal to a
preset depth difference, the neighboring pixel point is
added to a connected region where the initial point is
located;

step S14: taking the neighboring pixel point as a next

initial point and adding the neighboring pixel point to
the preset queue; and

repeating the above step S12 to step S14 to determine the

connected region where the initial point is located.

5. The method according to claim 4, wherein the preset
depth difference is from 10 mm to 15 mm.

6. The method according to claim 1, wherein the acquiring
the image of the target object further comprises:

determining a real distance from each of the plurality of

positions to a vertex of the connected region; and
comparing the real distance with a reference length to
determine the segmentation position.

7. The method according to claim 6, wherein the target
object is a human hand, and the reference length is from 40
mm to 200 mm.

8. The method according to claim 6, wherein according to
a difference between average depth values of and a real
distance along the principal direction of each group of two
adjacent ones of the positions between each of the plurality
of positions and the vertex of the connected region, a real
distance from each of the plurality of positions to the vertex
of the connected region is determined.

9. The method according to claim 1, wherein the acquiring
the image of the target object comprises:

determining a real width of the connected region along the

secondary direction at each of the plurality of positions;
and
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comparing the real width with a reference width to
determine the segmentation position for acquiring the
image of the target object in the connected region.

10. The method according to claim 9, wherein the target
object is a human hand, and the reference width is from 40
mm to 100 mm.

11. The method according to claim 9, wherein according
to a number of the pixel points at each of the plurality of
positions, an average depth value of the pixel points at each
of the plurality of positions, and a focal distance ratio of a
camera for acquiring the depth image, the real width of the
connected region at each of the plurality of positions is
determined.

12. The method according to claim 9, wherein the acquir-
ing the image of the target object further comprises:

obtaining a plurality of reference positions among the
plurality of positions;

calculating a difference between coordinates of two pixel
points which are farthest away from each other at each
of the reference positions; and

determining the segment position according to a size
relationship between the difference and a number of
pixel points at each of the reference positions.

13. The method according to claim 12, wherein

the plurality of reference positions comprises a first
reference position and a second reference position, a
difference between coordinates of two pixel points
farthest away from each other at the first reference
position is AX1, which is greater than 0, and a number
of pixel points at the first reference position is N1, and

in a situation where (AX1-N1)/N1 is smaller than or
equal to a preset value, which is from 10% to 15%, the
first reference position is taken as the segmentation
position.

14. The method according to claim 13, wherein

a difference between coordinates of two pixel points
farthest away from each other at the second reference
position is AX2, which is greater than 0, and a number
of pixel points at the second reference position is N2,
and

in a situation where (AX2-N2)/N2 is greater than the
preset value, a distance from the segmentation position
to the second reference position is greater than a preset
distance, and the preset distance is from 24 mm to 26
mm.

15. An image segmentation system, comprising:

a first image segmentation device configured to process a
depth image to obtain a connected region where a target
object is located from the depth image;

an analysis device connected to the first image segmen-
tation device and configured to determine a principal
direction or a secondary direction of the connected
region acquired by the first image segmentation device
by a principal component analysis method; and

a second image segmentation device connected to the
analysis device and configured to acquire an image of
the target object from the connected region according
to relationship between morphology of the target object
and the principal direction or the secondary direction,
wherein the second image segmentation device com-
prises:

a calculator device connected to the analysis device and
configured to calculate pixel-point numbers respec-
tively at a plurality of positions in the connected region
and to determine a variation trend of the pixel-point
numbers along the principal direction, in which pixel
points at each of the plurality of positions are sequen-
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tially arranged along the secondary direction of the
connected region, and the secondary direction is per-
pendicular to the principal direction; and

a comparison device connected to the calculator device
and configured to compare the variation trend with a
variation trend of the morphology of the target object
along the principal direction, to determine a segmen-
tation position for acquiring the image of the target
object in the connected region.

16. The system according to claim 15, wherein the cal-

culator device is further configured to calculate a real width
of the connected region along the secondary direction at
each of the plurality of positons; and

the comparison device is further configured to compare
the real width with a reference width to determine the
segmentation position for acquiring the image of the
target object in the connected region.

17. An apparatus, comprising the image segmentation

system according to claim 15.

18. An image segmentation method, comprising:
obtaining a connected region where a target object is
located from a depth image;

15

20

22

determining a principal direction or a secondary direction

of the connected region by a principal component
analysis method; and

acquiring an image of the target object from the connected

region according to a relationship between a morphol-
ogy of the target object and the principal direction or
the secondary direction, wherein the acquiring the
image of the target object comprises:

determining a real width of the connected region along the

secondary direction at each of a plurality of positions,
wherein the secondary direction is perpendicular to the
principal direction, the plurality of positions are
sequentially arranged along the principal direction, and
pixel points at each of the plurality of positions are
sequentially arranged along the secondary direction;
and

comparing the real width with a reference width to

determine a segmentation position for acquiring the
image of the target object in the connected region.
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